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DO Experiment — Results BROOKHAUEN

History of D@ Papers Published in Peer-Reviewed Journals

Run 1l (2004-present) publications >
45

= |89 publications accepted, mmm Run I: 133 Total

.. . 40 77 NN Run II: 189 Total
additional 10 submitted

On average, new paper
submitted ~ every week
during 2008-2010

= results across all physics areas

N
o

Number of Papers Published
s 8 B

-
o

= past year, BNL-D@ group co-
authored or reviewed |3 papers

o O

1993
1994
1995
1996
1997 |
1998
1999
2000

DO Preliminary or Published Results presented
at major conferences — with BNL involvement, in FY09 & FYI0

= “Search for the SM Higgs boson in 77qq final state” 4.9 fb"!
= “Search for SM Higgs in WH — 7vbb channel” 4.0 fb!
x = “Combined upper limits on MSSM Higgs boson to 77 final states” 1-2.2 fb!
x = “Search for a resonance decaying into WZ boson pairs in pp collisions” 4.1 fb!
*x = “Combination of D@ top quark mass measurements” 0.1-3.6 fb"!
x = “Dependence of tf cross section on p; of the top quark” 1.0 fb™!

DOE Review % Results will be included in this talk
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Tevatron and D@ Performance BROOKHAVEN

NATIONAL LABORATORY
Run Il Integrated Luminosity ENNERLLYESNSERIN) Daily Data Taking Efficiency 19 April 2002 — 16 May 2010
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% Tevatron Collider and DO operating successfully in Run Il
» Tevatron delivered [£ dt — 8.60 fb! of data: D@ recorded 7.66 fb-!
= up to 6.1 fb”! [Run lla & Run IIb] dataset used in D@ analyses reported thus far

< Projections through end-FY 1 I: expect to collect ~11 fb-'data

/7

% Stable operations at DO with recent ~929% data taking efficiency

= excellent performance due to dedicated 24/7 effort from shifters & detector experts
— BNL-D@ expert roles in Preshower and Luminosity Monitor subsystems
— shift contributions include Captain, Tracking/Preshower, SAM database



BNL-DO Group BROOKHAUVEN

<+ FYI10 BNL-DO members

= A.Patwa (100%), S.Snyder (10%), T. Gadfort (10%), M. Begel (10%),
M-A. Pleier (10%), S.Protopopescu (10%), K.Yip (20%, not in core program)
— |.5 FTE in core program (1.7 FTE total)
— continue transition to ATLAS while maintaining needed role on DO
= A.Evdokimov: BNL guest appointment
— DO effort shared between FNAL (25%) and BNL (25%)
— resident at Fermilab

< Past Year Service Contributions
= Central and Forward Preshowers (CPS, FPS) hardware and software
maintenance — A. Evdokimov: CPS and FPS, A.Patwa: FPS
= 1-ID Algorithm Group Co-convener — A. Patwa
= Online and Offline Software support — S.Snyder

= Shift responsibilities — a) A.Patwa & S.Snyder (Captains)
b) A.Evdokimov (Central Tracker and Preshowers)
C) M-A. Pleier, S.Protopopescu, and
K.Yip (Remote SAM database)

DOE Review 5
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<+ Physics
= Search for MSSM Higgs Boson in h—17 channel

— A. Patwa

presently: Beyond Standard Model (BSM) Higgs group convener
* oversee searches across bh—bbb, h—71, bh—b1t, VH—>qqbb, ZH—>T1j,

WH —tvbb, H—=WW —1vTV, and NMSSM channels

QCD and Top Cross Section Measurements
— M. Begel

= Search for New Phenomena: W’ and Lepto- and Vector-quark Production
— T. Gadfort

<+ Membership in Physics Editorial Boards
= Top Mass
— S.Protopopescu(), M. Pleier(*"), S.Snyder, and A.Patwa
= Top Pair Production in Dilepton and All-jet Channels

— T. Gadfort("")

= [nclusive Jet and High-p; Jet Production
— M. Begel(™

= New Phenomena & Low-Mass SM Higgs Searches with Heavy-flavor Jets
— A.Patwa

(MEB Chair til August 2008; still member

("Joined BNL staff August 2009

DOE Review (""" Goldhaber Distinguished Fellow since October 2009
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Preshowers

» Effort on improving performance of preshowers and inclusion into
event selections for physics analyses

= e.g, implement energy-weighted width of CPS in Neural Net (O,,) for e- or y-ID
— exploit fact that preshower width narrower for photons than for jets
— addition of CPS: achieve ~15% improvement in S/B for direct-y production at high-p;

wn 04r
= analyses with CPS selections include & E.. D@, 4.2fb preliminary y-ID NN
, 5 0.35—
— H — vy, SUSY di-photon E L
searches, QCD vy + jet :>j 0.3~ o Z—ll+y (1=e,u) data 4+
measurements... o.zsz— — MC y-signal +
021 MC background
. 0.15F i Oy > 0.1: ~99% efficiency (y)
<+ FPS - v ~50% rejection (jets)
= past year, completed calibration 0-1E
with Run |Ib upgraded AFE-Il boards, .05 .
. . = L B L _—
which restored full dynamic range oFs e s =n.nu T Lo Lt
0 01 02 03 04 05 06 07 08 09 1
ONN

= future plans coordinated by A. Evdokimov include
— development of e/y-ID in End-Calorimeter region using FPS
— improvement of EM resolution at forward rapidities
— similar inclusion into physics analyses
DOE Review



t=ID and Z—t't- TN

s+ Published Z — Tt cross section £ D2 Run I
= PRD 71,072004 (2005): 226 pb-! :>J’ 1035— (ftl);pl\:;ng 3’_s8) E(Z)%f data
— benchmark study for testing and : -\gféiliz:wtlac

certifying t-ID algorithm based on NN
= PLB 670,292 (2009): 1.0 fb"!

= S.Protopopescu, A.Patwa have led t-ID
development and coordination efforts

<+ o(pp—Z+X) x Br(Z—1t*"1) ' ' ' NN

= PRD: 237%15(stat)x 18(sys)x |5 (lum) pb

been extended to other t-based
physics analyses

> | DO, 1 fb" —— 0S Data
= PLB: 24048 (stat) £ 12(sys) £ I5(um)pb 8 | N
© 2k —TT ]
= SM theory (NNLO): 241.6 3% pb g B otner Ewsi
O r — W—=lv
< Methods developed for Z—>tt have i | Bl -ss Data
10 :

|
‘M.

J
000

Expertise gained with v’s from DO 1
propagated to object-ID efforts in -
ATLAS

= S.Protopopescu active in ATLAS t-ID group 0 50 100 150 200 250
Visible Mass [GeV]

DOE Review



MSSM Higgs: Inclusive tt Search  Brooxfnuen

DJ Preliminary (1-2.2 fb ™) Combined Run lla + llb

< Result using 1.0 fb"' dataset for T ,,

? 10°E Multijet & W+jets
T.Th and t.t 2 PRL 101, 071804 (2008) g
. B Other EW & tt
[} -
o
<+ Updated 2.2 fb"! result considers 7,7, 210
= isolated u separated from t,: opposite-sign -
= 1-ID NN discriminates hadronic t from jets 0L o Mot60GeV o=cop
+ No excess in data across visible mass i :
spectrum e
= exclusion limits in MSSM (m,, tanf) plane ® .
= Dawson, Kilgore (BNL) contributed to theory ~ °  ® ™ 0 2 e Mass GeV)
< New Tevatron (DO, CDF) combination
%1005 ' Tevatron Run Il Preliminary, L= 1.8-2.2 fb™
for tt search channels £ gop { ho mixing, ;=200 GeV
= with a fraction of final dataset, probing 80 Exciudd by LEP
interesting region of tanp ~ 30 [O(m,,,/m,)] 7oH | Erpected i+ 15
nl Expected limit £ 2
= most stringent limits on tanf SoH
50 | N\
< In publication mode with 5.3 fb-! data 40 SN\ N\
. . ; ML .‘______-——"’— Q§§§§
= A.Patwa to continue with Saclay group on :2,\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\“\\\\\\
search efforts with larger dataset ol
— aim for observation or reach sensitivity 4l .

l1(I)0I l I1&0I I I140l ' l16I0I I I1£I30I I l200
of tanf3 ~ 20 for low m, m, [GeV/c?]



't *] New Phenomena Search: Heavy Bosons srooxsnien

< T. Gadfort leading publication effort of W’ — WZ search
= new addition to BNL Omega group: Goldhaber Distinguished Fellow, Oct. 2009
= W —>WZ—/vii 4.] fb-! search: PRL 104, 061801 (2010)
= W' —=WZ—ijjLl and £Lvjj 5.4 fb! analysis: in Editorial Board review
— working in collaboration with Kansas State and Columbia U.

° g
% Search for resonance in reconstructed 4
W'’ transverse mass spectrum q,v
: . . . W
= 9 data events consistent with predicted backgrounds ! W
= 95% C.L. limits on 0 x Br(W'—=W2Z) 7 z l,q
— within SSM, exclude 188 < M\, < 520 GeV
— first limit to-date on W’ —WZ production l,q
> e e A A o o e e e e e IR A = T T T T T T T 7]
& 5L Do,411b! Data - < 1% DD, 4L e Expected 95% CL. limit
- - N E 3
§ 4: /] WZ Monte Carlo ’ = C ——— Observed 95% C.L.limit ]
‘§ . ] 24X (X=Y, jet, Z) ] é 102? — — OxB(W=WZ),SSM 3
~ R U I R Rt W’ 400 GeV SSM signal — C ]
Hoo3= S 7 - 7 +1 s.d. d limi 1
: AP ——— W’ 500 GeV SSM signal | A 10E 772 * 54 expected imi E
C ] a = ~ PRL 104, 061801 (2010) 3
2_— 7#4»— ; ] o} B ~N a
- " : : ] le A
A E ; S
C - ~N
- ! WAL . 10_15_ L l l l l \\1 l l 1 E
00 200 7400 500 600 700 200 300 400 500 600 700 800 900 100
WZ transverse mass (GeV) My, (GeV)
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Top Cross Section
< tt production in all-hadronic channel

M. Begel led effort
1.0 fb-! publication submitted to PRD

<+ Challenging signal-to-background

a1 400 -
o I 2 eol * DO data, 1 fb
o i 3 Bl i Signal
7)) * vt [ [ ]Background
- 5
< 300 [ 2 40+ L>0.8
() o [
o >
20 - I
200 [ ; +
[ °""200 400 600
my; (GeV/c?)
100 [

DOE Review

six-jet background sample taken from data (S:B of 1:1300)
sighal enhanced by requiring two b-tagged jets (S:B of 1:50)
suppress background by requiring four high-p; jets (S:B of 1:7)

extract signal via topological likelihood

%.O 02 04 06 08 1.0
L

315

o
N
b-o—l

NATIONAL LABORATORY

o C,'70GeV=79 % | .5 (stat) £ |.6 (sys) £0.5 (lum) pb
B 0, '75GeV= 6.9 + | .3 (stat) + |.4 (sys) £ 0.4 (lum) pb

- — Moch and Uwer
B PRD 78, 034003 (2008)

i 1
B * D@, 11b arXiv.org:0911.4286
| | | | | | | | | | | | | | |

165 170 175

| 18(%
m, (GeV/c?)




PQCD: Top Cross Section with p;  Brooxfnuen

<+ Measurements of differential cross section 5 oo o data 115" E
in tt system Ay B :
= important test of pQCD for heavy quark production £ [ Background
= can constrain potential physics beyond standard model 2 3
< 1.0 fb~! publication led by M. Begel: g:
submitted to PLB in Jan. 2010 it
= data sample and selections based on inclusive ¥, . :
_ 250 300 350 400
tt — /+jets cross section measurement m, [GeV/c?]

= uses constrained kinematic fit developed
by S. Snyder to assign £ and jets with tt-pairs

g
(=]
T

NLO pQCD scale uncertamty J
[ —— Approx. NNLO pQCD

-—h
©
[T

o
&)
(@)
Q.
<+ compare shape of measured differential O 16} ----- MC@NLO {
cross section (1/o0 do/dp;) with % ek .'_ZZIIEE\N B
expectation from NLO pQCD S i wir
= also compare with approximate NNLO =
pQCD calculation and several event generator g 1.0f
= Dawson (BNL) contributed to NLO pQCD & I
o 0.8f
o m i ]
< all calculations currently reproduce 0.6 orXivorg:1001.1900 .
the measured shape in data 0”50 100 150 200 250 300 350 400

top quark P, [GeV/c]
12
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Top Quark Mass
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Mass of the Top Quark (*Preliminary)
@
CDF-I di-l 167.4+10.3+4.9
[¢]

DO-I di-l 168.4 +12.3+ 3.6
CDF-1l di B | 171.2+2.7+2.9
; -

DO-II di-I 174.7+29+24

[
CDF-I 14 176.1+ 5.1+ 5.3
_——

DO-1 I+ 180.1+ 3.9+ 3.6
* @

CDF-I1 I+ 1721 0.9+1.3
. o~

DO-Il 1+ 173.7+0.8+ 1.6

]

CDF-I all-j 186.0 £10.0 £ 5.7
* e

CDF-Il all-j 1748+1.7+1.9
*CDF-II trk * 175.3+ 6.2+ 3.0
: ~e-

Tevatron March’09

hep-ex/0903.2503 1% ((s)tﬁ)i; 1(S'J:|St-
(f[dt|= 0.1 -3.6|fb-1) | | ¥e/dof = 6.3/10.0 (7|9%)

|

150 160 170 180 190 200
m,,,, (GeV/c?)

DOE Review
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Editorial Board

= strong contribution from BNL
physicists in reviewing precision
measurements of top mass at DO

S. Protopopescu, S. Snyder,

and M-A. Pleier also focusing
on top physics at ATLAS

Measurements of m,,, from
different decay channels and
using different methods yield
consistent results

Single experiment’s top quark

mass precision reaching 1 GeV

= efforts on reducing systematic
uncertainties

New results expected this
Summer... for ICHEP 2010

m,,, (Tevatron)=173.1 £0.6 (stat) = |.1 (sys) GeV

13



DS Closing Summary - Past & Present sneowiniey

<+ Tevatron and DO detector performing well
= expect ~ 10 (12) fb"! of Tevatron delivered data by end-FY10 (FY1 1)

<+ BNL service contributions and expertise in
= preshower detector maintenance and object identification
= 1-ID algorithm and reconstruction
= software and infrastructure support

< Strong focus on Higgs, W', and top physics analyses at DO
= convening BSM Higgs physics group
= search for MSSM Higgs in Tt final states
= |eading publication effort of W’ search
= top quark cross section and mass measurements

BNL collaborators continue to be well-situated to apply

the expertise gained from D@ in areas including hardware,
software, and physics analysis to our efforts on ATLAS

DOE Review 14



Closing Summary - Future BROOKHAUVEN

<+ Maintaining expertise on D@ while transition to ATLAS continues...

FYI1I1 plan for DO effort includes —
= complete publication of MSSM Higgs search with (core program)

5.3 fb-! data 2007 2.7
— provide support for 7-9 fb-! MSSM h—1t search 2008 20
= continue necessary expert-level roles and
, 2009 1.5
software support for D@ operations
= membership in Editorial Boards 2010 1.5
— Top mass 2011 0.7
— NP and low-mass SM Higgs to HF jets 2012 (?) 0.3

< Projected FYI| BNL-DO members

= A Patwa (60%), S.Snyder (10%), T. Gadfort (0%), M. Begel (0%),
M-A. Pleier (0%), S.Protopopescu (0%), K.Yip (20%, not in core program)
— 0.7 FTE in core program (0.9 FTE total)
— core program primarily aimed to focus on analyzing ATLAS data while completing

analysis and providing needed commitments on DO

= A.Evdokimov: BNL guest appointment

— BNL support (25%; same level as FY10) on CPS/FPS maintenance and its object-ID

< If FYI12 Tevatron run
= 0.3 FTE (Patwa, Snyder) in core program driven by BSM Higgs searches and software

support for D@ operations
DOE Review 19



BROOKHIAEN

NATIONAL LABORATORY

Reference Slides

DOE Review



D@ Organization and BNL

BROOKHIVEN
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Public Tour Area
and Tours
D. Lincoln, G. Snow

BNL-D@ members in ‘red’
Spokespersons .......................... RLLELERLEREERLELEE FresEsEsEssssEssEsEsEssEsEEsEsEEEas ..!,......................E
D. Deni L.
enisov Advisory Institutional Board Speakers Authorship
S. Soldner-Rembold g L i

Council Chair: Bureau Committee
Chair: S. Bles§|ng Chair: Chair:
Y. Enari G. Davies (Deputy) H. Wahl A. Jonckheere

Technical Integration

G. Ginther
Run Coordination Special Data Quality
Projects
Subdetectors |.......
Subdetectors
Online
L3/DAQ
Trigger
Online
Monitoring % i Includes all sub-

DOE Review

detector groups

Central and Forward
Preshower
A. Evdokimov

Algorithms and Com
Q. Li, E. Varnes

puting

Physics
G. Bernardi, M. Verzocchi

Production

Analysis

Simulat

ion

Algorithms

Level 3 Algorithms

i Includes all detector and
: particle ID groups

i -ID
! A. Patwa,
i F. Couderc (Saclay)

Preshowers (CPS, FPS)
i A. Evdokimov
: A. Patwa

— Physics Groups

| TeV Working Groups

Trigger Group

~| Editorial Boards

BSM Higgs:
: A. Patwa

¢ Includes all EB’s *

Top Mass includes:

: S. Protopopescu

: S. Snyder

: M. Pleier

: A.Patwa

. Top in All-jets includes:
: T. Gadfort

: QCD includes:

: M. Begel

¢ JES includes:

: M. Begel

¢ NP & Higgs HF includes:
: A. Patwa



QCD: v+ c/b Production BROOKARVEN

<+ Heavy-flavor content of proton can c.b v
be probed in y+jet events where the
jets are flavor tagged

< M. Begel initiated analysis

. . . q Y
= based upon earlier inclusive photon and
Y +jet measurements
§1.s—D® L =10f" M 1<0.8 - Yy <0 & ¢,b
S160 yy‘e'>0 IyI<1O o y+b+X
5. F P >15GeV |
grep VPt L R e.b
R R R I
1 ;_’%:5%:"-3’?#::5:35* ST FHE T BTl Bdtelririy --+':','-“'-: MR AIA T T DT ] g ¢.b
0.8 :_ ............................................... :_ .................................................
0.6 - —e— data/theory F
T CTEQ6.6M PDF uncertainty [ .
0.4F --- IC BHPS / CTEQ6.6M - “+ NLO perturbative QCD
02F == ICsealike/CTEQ6.6M | PRL 102, 192002 (2009) i .
Eoon Scale uncertainty L L (PQCD) agl'ees W|th Y+b let
asf YY" >0 L Yy <0 measurements, but y+c jet
of T X P e X data exceeds expectations at
25 : high p,
2 E_ f_ o
; * e + ,,,,,,,,, < Published 1.0 fb"! result
1.5 E Lmmmm T S i TSy
g TR e | H+ ..................... - PRL 102, 192002 (2009)
LI 2 2ot T Zi (Rt 2
Il R = expect to shed more light on y+c
05F .l ;
. two regions deflned by sign of yr-yit p; distribution with full dataset

40 60 80 100 120 140 40 60 80 100 120 140
p (GeV)
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Model Independent Searches (MIS) =rooxanuen

Focus on leptonic final states and scan for significant deviations from SM
S. Protopopescu a primary contributor & expert to MIS for new physics
strategy based on dividing data into 7 non-overlapping, inclusive final states

— defined according to high-p; objects: e, u, T, y, jets, b-jet, £;

check ‘shape’ and ‘number of events’

— use KS-probabilities
— normalization from fits to basic histograms:
b7, M, ¢, £, M(all combinations), AR

< Final states are input to two algorithms

\/
0‘0

VISTA: cycle through histograms for exclusive final
states to check data vs. SM backgrounds
Sleuth: search for excess in tails of 2p;

— test validity of “method” by sensitivity tests
— e.g, with and without tt-pairs = “rediscover” top

Results with | fb-!

VISTA: 4 out of 180 exclusive final states yield
statistically significant (~30) discrepancy

— all point to known modeling difficulties

Sleuth: one discrepancy related to u resolution model

No hints yet... expect increased sensitivity from

modeling improvements and > x6 collected data

tt-Sensitivity Test (Sleuth):

DO Runll Preliminary (1 fb™)

W bb jj P =0.69
® ® DO Run Ila data N
5 ___ D] SM=7.3
S 16 [ ) t(e) 4 d=10
w W e + bb 6
S s W ur + bb s
5 14w Other 4
.E 3
5 12 2
= 1

10 0%s50 600 650 700 750

include top MC

100 200 300 400 500, 600 700 800
3P (GeV)

532

DO Run Il Prel'minary (1 1b°)

W bb jj P <1.6e-07
1] ® DO Run Ila data 7
E . Y - o+ b SM=4.9
S 160 I W e + bb 6 d=32
w B QCD background 5
K] = W = uw + cc 4
= 140 mmmm Other
] 3
£ 2
E 12 ] J
4

&0 500 600 700

exclude top MC
(P<1.6 x107)

it

l)0 100 200 300 0 500 600 700 800
P 2 Lp (Gev)

398




SM Higgs Projections [BROOKARUEN

assume CDF + D@, and analysis improvements underway

Tevatron Run Il Projection

Vo S = o= mr— 1
e | D@x.. Lrummos,%ly Projgctlon _ 8 Tary 15,2009 | I | ! T
: - ] . vl ored R b g 0_9 ) ﬂ“nary ................................................................................................ il
< L " X
. s—— v & T T R SRR METRCDRRRR, (UPPRAIHRY| /SRR | (. CRREIORRIR LSRN Se, OODICEITRY, (NSRS —
é , 95 6CL Lu'ml 2 g: . Amlyzed e !Exp
t_ m A o R e e Gl L REREIE B, (SRR Y amiamaa (AP A
_E/:"_ Year. 20 | | b 06 E Analyzed L-5 fb’ lExp
[S8) IO e e e i . ™ i X : ‘ :
> F s © 05
g - - Year 2009 % 0.3
= i m
3 é B | ‘ i ' .g (1T Rt ST 9 O TR SR W ) W SR
| | 6: 0.1 ; ; ; : : ‘ ; @
: P TR R R U P SOUS PS
l podegepeygeogegogege|egegegopedogegegep ogogegegedepege g g dopeg gy 100 110 120 130 140 150 160 170 180 190 200
110 120 130 140 150 160 170 180 i e s m. (GeV/c)
my, (GeV/c?) H

Tevatron Expected Higgs Sensitivity:
> 201 | — direct exclusion from

Probability of 30 evidence in 201 I:
> 40% probability for

|15 to 185 GeV; or I evidence! my = 115 GeV with L = 10 fb!




